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A magnetic island formation in the Magnetic Re-
connection Experiment (MRX) has been investi-
gated in this study. The MRX has been built at 
Princeton Plasma Physics Laboratory with the aim 
of studying the magnetic reconnection as an elemen-
tary process in a magnetohydrodynamic (MHD) 
plasma under a controllable condition, where a pair 
of flux-core (FC) coils with time-varying electric 
current inductively changes the field configuration 
causing a plasma flow. The MRX group has found 
O-point formation during the magnetic reconnec-
tion in a co-helicity injection with a mean toroidal 
field under a "pull" operation mode, where poloidal 
field (PF) coil currents are decreased in time. The 
O-point formed in the reconnection region grows 
like a spheromak. In a counter-helicity case, on 
the other hand, a Y -shaped current sheet is formed 
when the magnetic reconnection takes place. 
First, we have made a theoretical model which 
can explain the experimental results. A Taylor 
state analysis of the lVIRX discharge shows that two 
types of solutions with and without a magnetic is-
land belong to the lowest branch which continues 
from IL = 0 to IILI = }.1 (Fig.I). Here, IL is a 
constant which characterizes the Taylor state, such 
that, j + ILB = O. }.1 is the lowest eigenvalue of 
\72 f + }.2 f = O. Quasi-static transition of the field 
configuration along the branch can explain growth 
of the magnetic island during the poloidal flux is 
"pulled" into the FC coils, since the normalized he-
licity, namely, IL is increased by decreasing the PF 
coil currents. It is also deduced from the Taylor 
state analysis that no magnetic island is formed in 
the counter-helicity injection, and that the global 
configuration approaches to the vacuum solution 
during the "push" operation. 
The theoretical analysis also shows a good agree-
ment with our two-dimensional MHD simulation, 
where the poloidal flux on FC coil surfaces decreases 
in a finite time for the co-helicity injection of the 
"pull" mode. While the Taylor state analysis gives 
an understanding on the global evolution of the sys-
tem, a detailed process for appearance of the is-
land needs a further consideration, that is, the non-
uniform resistivity. The inhomogeneous resistivity 
enables the induction current to concentrate in a 
central plasma region rather than around the FC 
288 
coils, and thus, to form the magnetic island apart 
from the coil surfaces (Fig.2). The simulation result 
using the MHD model with the non-uniform resis-
tivity can successfully explain the co-helicity injec-
tion of MRX in the "pulling" operation mode. 
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Figure 1: Taylor state analysis in the MRX config-
uration. 
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Figure 2: Contour plots of poloidal flux during the 
co-helicity simulation of the pull mode operation. 
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